Differential scanning calorimetry of Cd(II) alkaline phosphatases.
Differential scanning calorimetry has been employed to monitor structural alterations induced in the dimeric enzyme alkaline phosphatase on binding of Cd(II) (to the metal-free apoenzyme) and phosphate (Pi) (to the Cd(II) enzyme). Cd(II) addition to the apoenzyme at pH 6.5 results in an increased transition temperature, suggesting a stabilizing effect of the bound metal ion. Two distinct structural forms of the protein are detected as discrete calorimetric transitions (Tm = 69-84 degrees C; 87-94 degrees C, respectively). Distribution of the enzyme between these forms is found to depend on the exogenous Cd(II) concentration and the protocol of Cd(II) addition. These results indicate that conversion between the conformational forms is a slow process which appears to require specific levels of metal ion site occupancy. These studies, in which the exogenous Cd(II) concentration was varied from 10(-5) M to 10(-3) M suggest a structural basis for previously observed hysteretic phenomena observed on Cd(II) binding to the enzyme. Even at a minimum stoichiometry of Cd(II) (2 eq/mol of dimer) a single equivalent of Pi is sufficient to accelerate assumption of a stabilized form of the protein (Tm = 90 degrees C). This is followed by a slow structural change paralleling the time course of formation of the functional 2 Cd(II) phosphoryl enzyme which displays two calorimetric transitions (Tm = 65 degrees C, 88 degrees C). The low temperature transition does not appear if Pi is initially present at millimolar concentrations and is abolished on addition of Pi at concentrations in excess of 0.1 mM. These observations suggest the presence of a second, distinct Pi binding site on the 2 Cd(II) phosphoryl enzyme. This is supported by the changes observed in the 31P NMR chemical shift of Pi added to comparable enzyme samples. These data, including assessment of the effect of the presence of Mg(II), are discussed in terms of the mechanism of metal ion association to the enzyme and rearrangement of bound metal ions induced by Pi binding.